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Switching and connecting arrangement for coupling external and inter- 
nal antennas for example with an expansion card 

The present invention relates to a switching and connecting arrange- 
ment for coupling external and internal antennas according to the pre- 
amble of the appended claim 1 . The invention also relates to an ex- 
pansion card and a switching and connecting arrangement for it 
according to the preamble of claim 8. 

According to prior art, various electronic devices, such as portable per- 
sonal computers (PC) are often provided with an expansion card con- 
nection, to which a standard expansion card can be connected. The 
expansion card may contain the radio parts of a wireless communica- 
tion device with its internal antenna, wherein the PC may use this 
communication unit, or card-like wireless communication device, to 
communicate with a data transmission network. The expansion card 
can also constitute a network adapter, for example for a wireless local 
area network (WLAN). Said antennas are used for transmitting and 
receiving radio-frequency signals, and the signals are transferred 
between the radio part and the antenna by means of wires and con- 
nectors. 

One known expansion card is a PC card complying with the PCMCIA 
standard (Personal Computer Memory Card International Association). 
Other known expansion cards include e.g. a so-called CompactFlash 
(CF) card according to the CFA standard (Compact Flash Association). 
For example for these CF cards, there are also adapters of the size of 
a PCMCIA card, in which the CF card is inserted for a PCMCIA con- 
nection. 

A WLAN network adapter communicates directly with other devices or 
a local area network e.g. via an access point (AP). In a local area net- 
work of devices and a network adapter, arranged for example for a 
short-range data transmission connection (low power radio frequency, 
LPRF; short range radio frequency, SDRF), the frequency available is 
for example approximately 2.4 GHz, that is, 2400 MHz. An AP unit is 
typically used in public rooms and offices, wherein it is placed for 
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example on a wall and an omnidirectional antenna is coupled to it. The 
network adapter can also be placed in an aircraft wireless LAN unit 
(AWLU) which is intended for fast wireless connection to the network of 
an aircraft during taxying and airport operations. In a home 
5 environment, the network adapter is located in an asymmetric digital 
subscriber line (ADSL) terminal which can be further used to set up 
e.g. a fast data transmission connection via a telephone network to the 
Internet network. A connection to the Internet network can also be set 
up by so-called portable web tablet devices which comprise a browser 
10 and communicate in a wireless manner with the terminal, e.g. a PC 
device, which is further connected to a LAN network or a telephone 
network. The terminal comprises a network adapter in a corresponding 
manner. 

15 The requirements for operation of the above-described devices vary, 
wherein e.g. the properties and coverage areas of antennas vary and 
the environment affecting the operation of the antenna changes. Inter- 
nal antennas on the circuit board of the card are, in some cases, 
placed wholly inside the terminals, which interferes with the reception 

20 and transmission of antenna signals. Thus, there is a need to use 
external antennas. In a network adapter installed in a stationary loca- 
tion, it is possible to use external antennas. These would be difficult to 
use if the expansion card is coupled e.g. to a portable device, wherein 
an internal antenna is better. If necessary, two antennas must be used, 

25 e.g. two internal antennas, to utilize the diversity. 

For using various antennas, a variety of versions must be made of the 
expansion card, particularly of the circuit board to be placed in it, for 
different needs. It is difficult to arrange the manufacture and to estimate 
30 the need for different versions. External antennas are slightly used, 
wherein it is also expensive to arrange manufacture for a small need. 
The user will need several different expansion cards, if different anten- 
nas are required by varying use conditions, for example to secure a 
sufficiently long distance of transmission or reliable data transmission. 

35 

One known expansion card and its use is described in more detail e.g. 
in US Patent publication 5,809,115. An external antenna can be 
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coupled to the expansion card by means of a connector. An expansion 
card is also known which is provided with a housing for an antenna at 
its end, wherein the antenna housing extends outside a PC device. The 
expansion card is at least partly placed inside the expansion card con- 
5 nection of the device. Another expansion card is disclosed in US Pat- 
ent publication 5,628,055, wherein external antennas can be coupled 
to the end of a card, placed outside the card. US Patent publication 
5,966,097 presents an expansion card comprising two L-shaped 
interted-F antennas (IFA) fitted on top of a circuit board used as a 
10 ground plane. Diversity is utilized by always coupling the antenna 
which is best suited for reception. The coupling is implemented with an 
antenna switch. To the antenna switch are connected the feed lines of 
both antennas and a line whereby the signals received by the antennas 
are fed to a transceiver. 

15 

It is an aim of the present invention to eliminate the above-mentioned 
drawbacks and to present an antenna switching and connecting 
arrangement placed on a circuit board, whereby also external antennas 
can be coupled to e.g. an expansion card comprising an internal 

20 antenna. A particular advantage is achieved by utilizing the diversity, 
wherein the switching arrangement can be used to have different com- 
binations of two internal and two external antennas by using two 
antenna switches. Thanks to the invention, there is no need to manu- 
facture different versions of the expansion card or its circuit board for 

25 different uses and antenna assemblies. By means of an integrated 
mechanical antenna switch, the correct antenna is automatically 
switched for use. 

According to an advantageous embodiment of the invention, a diversity 
30 switch and an RF switch are integrated in the same component, 
wherein, in addition to saving space, attenuation of even 0.5 to 1 dB 
smaller and a simpler assembly are achieved than with separate 
components. The switches are integrated in an integrated circuit or a 
common housing. 

35 

The arrangement according to the invention is characterized in what 
will be presented in the characterizing part of the appended claim 1. 
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The expansion card with its arrangement is characterized in what will 
be presented in the characterizing part of claim 8. 

A central principle of the invention is the use of an integrated mechani- 
cal RF antenna switch in the coupling of antennas. A central principle 
of the invention is also to set up one circuit board version with its com- 
ponents and couplings to cover the different switching and antenna 
alternatives. If several network adapters are located within the service 
area of each other, their antennas can now be easily changed to 
achieve better network capacity and a lower noise level. For example, 
omnidirectional antennas can be changed to more directional anten- 
nas, or vice versa, by using the same expansion card. 

In the following, the invention will be described in more detail with 
reference to the appended drawings, in which 

Fig. 1 shows a preferred embodiment of the expansion card 
according to the invention in a perspective view, 

Fig. 2 shows a switching and connecting arrangement according 
to prior art in a principle view, and 

Fig. 3 shows a switching and connecting arrangement according 
to a preferred embodiment of the invention in a principle 
view. 

Figure 1 shows an expansion card C according to prior art, the card 
part 1 being a PC card complying with the PCMCIA standard. Accord- 
ing to the PCMCIA standard, the PC card has a length of 85.6 mm and 
a width W of 54 mm. PC cards are divided into three types, wherein the 
thickness T of the PC card can be 3.3 mm (type I), 5.0 mm (type II) or 
10.5 mm (type III). The PC cards are designed to be fully inserted 
inside a PC by a movement in the direction of the longitudinal axis X of 
the PC card, but so-called extended PC cards can be longer than ordi- 
nary PC cards. The PC card is equipped with a 68-pin connector P 
complying with the PCMCIA standard, by means of which the PC card 
is connected to e.g. a PC. The contact holes P1 of the connector P are 
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fitted at the end of the PC card on the outer surface edging the PC 
card. A known CF card has a length of 42.8 mm, width of 36.4 mm and 
thickness of 3.3 mm (type I) or 5 mm (type II), and the card is equipped 
with a 50-pin connector complying with the CFA standard. 

With reference to Fig. 1 , the connector P is normally fixed to a circuit 
board (not shown in the figure) which is placed inside the card C and 
which also comprises the components required for the operations of 
the PC card functions (for example integrated circuit, IC) and the wir- 
ings for transferring electrical signals between the connectors and the 
components. The components (not shown in the figure) comprise a 
transducer for processing signals which are transmitted and received at 
radio frequency in a wireless manner by means of the antenna. The 
card C, normally a circuit board, is also provided with the necessary 
wirings and electrical circuits for transferring signals between the trans- 
ceiver and the electronic device. The antenna is normally coupled to 
the transceiver also by means of an electrical matching circuit which 
can be used to tune the operation of the antenna further. The operation 
of the transceiver, said electrical circuits and the transmission of sig- 
nals to the electronic device are known as such to anyone skilled in the 
art, wherein their more detailed description will be unnecessary. 

Figure 1 illustrates the placing of the connector, partly left inside the 
card C, with a broken line P, the placing of the circuit board left fully 
inside the card C with a broken line B, and the placing of the circuit 
board part left fully inside the expansion part 2 of the card C, with a 
broken line 31. The parts B and 31 normally constitute one integrated 
circuit board. The expansion part 2 also contains the internal antenna 
of the card which is e.g. an I FA antenna, a microstrip antenna placed 
on a circuit board, or an I FA antenna comprising a passive and an 
active antenna element. The lengths of the elements are about 1/4 of 
the wavelength used, and they are placed apart from each other on the 
circuit board. The operation of the antennas is known as such, and 
when diversity is used, two antennas are placed in the expansion card. 

The card part 1 normally comprises a cover structure 1 1 and a bottom 
structure 12. The card part 1 can also comprise a frame structure 13 



which at least partly constitutes the outer surface edging the card C 
and to which the cover and bottom structures 11 and 12 are attached. 
The expansion card 2 can also be arranged as a separate, replaceable 
part, or as an integrated, inseparable part with the card part 1 . The 
expansion part 2 is preferably placed outside the slot-like, socket-like 
expansion card connection. The expansion card 2 comprises a cover 
structure 21 and a bottom structure 22, whose joint thickness prefera- 
bly corresponds to the maximum thickness T of the card part 1 and 
whose joint width is preferably smaller than or equal to the width W of 
the card part. It is obvious that the cover structure 21 and/or the bottom 
structure 22 can also be attached to each other by means of a sepa- 
rate frame structure 23. 

Figure 2 illustrates the case of prior art in a reduced principle, wherein 
a circuit board 200 to be placed in the expansion part 2 is provided with 
a diversity switch 201, known as such. It is arranged to select either a 
first internal antenna 202 or a second internal antenna 203. By means 
of the switch 201 , the feed line of the desired antenna is electrically 
coupled to the circuit of the transceiver. The switch 202 and its switch- 
ing operation can be implemented by means of electrical components, 
and its operation is controlled from the transceiver (baseband proces- 
sor) in a way known as such. 

For the couplings, the diversity switch 201 has at least a feed 
interface 204, to which the antenna 202 is electrically coupled, at least 
a feed interface 205, to which the antenna 203 is electrically coupled, 
and at least a feed interface 206, which is electrically coupled to the 
circuit of the transceiver for transferring radio frequency (RF) signals. 
The switch 201 is for example an integrated circuit (IC) fixed on a 
printed circuit board (CB) 200 and coupled to the strip conductors of 
the circuit board by means of wirings. The state of the switch 201 is 
controlled e.g. by means of control voltages. Of the switches, small 
signal losses and good isolation of conductors used as ports are 
required. 

Figure 3 illustrates a preferred embodiment of the invention. The circuit 
board 300 to be placed in the card C is provided with a diversity switch 
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301 known as such. A part 300a of the circuit board 300 is primarily 
placed in the expansion part 2, and a part 300b is primarily based in 
the card part 1. The switch 301 with its parts functionally correspond to 
the switch 201 shown in Fig. 2. The switch 301 comprises feed 
interfaces 304, 305. The internal antennas 302 and 303 correspond to 
the antennas 202 and 203 of Fig. 2. The internal antennas are 
preferably placed in the expansion part 2. An antenna switch 307 is 
now placed between the antenna 302 and the switch 301 , arranged to 
select either the internal antenna 302 or an external antenna 309, if it is 
coupled to a feed interface 313. By means of the antenna switch 307, 
the feed line of the antenna 302 or 309 is electrically connected to the 
diversity switch 301 and further to the electrical circuit 31 1 of the trans- 
ceiver. 

The antenna switch 307 is a mechanical, integrated RF switch which is 
mechanically forced to select the external antenna 309 instead of the 
internal antenna 302 when its interface 315, for example a female or 
male part of a coaxial connector is inserted to a counterpart in the 
switch 307 to provide an electrical contact to the feed interface 313. 
The interfaces 313, 315 are used to transmit the antenna signal and 
often also the ground potential between the circuit board and the 
antenna. The external antenna 309 is e.g. a monopole antenna, known 
as such, which is coupled to the expansion card by means of a coaxial 
cable. The antenna switch 307 itself has a structure known as such, 
and it mechanically couples in use an internal antenna 302, when the 
interface 315 of the antenna 309 is disconnected. The switch 307 thus 
automatically keeps the diversity switch 301 connected to one antenna, 
without a separate external mechanical or electrical control and thanks 
to its internal mechanical operation. In one embodiment, the antenna 
switch 307 is an encapsulated RF component fixed to the circuit 
board 300, the interface 313 being directly attached to it. The 
connector is e.g. of SMA or SMC type. The expansion part of the card 
has a structure provided with an opening in which the interface 313 is 
placed. 

One known antenna switch 307 is placed in a cut formed at the edge of 
the circuit board 300 substantially in alignment of the circuit board, 
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wherein the external antennas are connected to it in a parallel move- 
ment. The connector is placed on the same plane with the circuit 
board. The circuit board is provided with a conductive ground contact 
to which the outer shell of the connector is coupled, a separate first 
contact area for an RF signal contact, as well as a second contact area 
through which the RF signal is connected to the internal antenna. A 
contact spring keeps said areas in contact with each other, wherein the 
signal is led to the internal antenna or a signal coming from the 
antenna is led to the rest of the circuit. The central pin of the connector 
moves into a different position when the external antenna is coupled to 
the connector, wherein it also lifts the contact spring off the second 
contact area. At the same time, the central pin itself forms an electrical 
contact with the spring and thereby further with the first contact area for 
transferring signals. The contact to the second contact area is thus cut 
off. 

The antenna switch 307 also comprises at least a feed interface 317 to 
which an antenna 302 is electrically coupled, and at least a interface 
319 which is electrically connected to the diversity switch 301 for trans- 
ferring RF signals. The coupling of the interfaces 317 and 319 and the 
related wiring structures are permanent structures connected e.g. by 
soldering. 

An antenna switch 308 is now placed between the antenna 303 and 
the switch 301, arranged to select either the internal antenna 303 or 
the external antenna 310, if it is coupled to the feed interface 314. The 
antenna switch 308 is used to connect the feed line of the antenna 303 
or 310 electrically to the diversity switch 301 and further to the electri- 
cal circuit 31 1 of the transceiver. In other respects, the operation and 
structure of the antenna switch 308 correspond to the operation of the 
antenna switch 307 presented above, when the interface part 316 of 
the antenna 310 is coupled to its feed interface 314. The antenna 303 
is electrically coupled to the feed interface 318, and the interface 320 is 
in electrical contact with the diversity switch 301 for transferring RF 
signals. 
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The diversity switch 301 can be used to select, according to the condi- 
tions, either of the two antennas, of which one or both can be external 
antennas if they are coupled. The selection can be made between 
antenna pairs 302 and 303; 302 and 310; 309 and 303; as well as 309 
and 310. If no external antennas are coupled, only the antenna pair 
302 and 303 can be selected. If both of the external antennas are cou- 
pled, only the antenna pair 309 and 310 can be selected. If only one 
external antenna is coupled, the antenna pair 302 and 310 or the 
antenna pair 309 and 303 can be selected. 

The circuit board is also provided with wiring structures for leading sig- 
nals and other necessary components, such as capacitances, resis- 
tances and inductances, for electrical arrangement of the antennas and 
for arranging the circuit impendances. The circuit board also comprises 
a conductive ground level. The RF signal can be lead from the trans- 
ceiver to the separate circuit board by means of an inductive coupling 
and further to the interface 306 of the diversity switch 301 . The circuit 
board is preferably arranged in such a way that it can also be used to 
implement the arrangement of Fig. 2 to avoid the manufacture of 
several different circuit board versions. 

The different versions are implemented by replacing some of the fitting 
capacitors on the circuit board to form new couplings for different ver- 
sions and for coupling the strip conductors on the circuit board in a dif- 
ferent way. With a correct placing of the strip conductors, also attenua- 
tion of the RF signal is avoided, it is obvious that in the version of 
Fig. 2, there is no need to couple antenna switches on the circuit 
board, wherein the signal is led directly to the internal antenna. Figures 
2 and 3 also show a conductive connection (Pad1) on the circuit board, 
used as a measuring point for tuning of components in the manufac- 
ture. 

Figure 3 also shows a part of the circuit 31 1 of the transceiver more 
closely. It comprises an electrically controlled RF switch 321 by means 
of which the RF signal is led from the transmitter part TX of the circuit 
31 1 to the diversity switch 301 via a interface 322, and by means of 
which the RF signal is led from the diversity switch 301 to the receiver 
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part RX of the circuit 31 1 via a switch 323. The TX branch is provided 
with a low pass filter FL2 and a transmission amplifier A2, and the RX 
branch is provided with a band pass filter FL1 and a receiving amplifier 
A1, their operation being known as such. By placing the filters 
separately, their properties can be better optimized for either trans- 
mission or reception. The transceiver couples the TX branch to the 
diversity switch 301 when the RF signal is transmitted, and the RX 
branch when the RF signal is being received, via a feed interface 324. 
The diversity switch 301 is further used to select the desired antenna 
e.g. to utilize the diversity or to switch the desired antenna into use. 

According to an advantageous embodiment of the invention, the RF 
switch 321 and the diversity switch 301 are integrated in the same 
component which is placed on the circuit board 300. Thus, the inte- 
grated circuit or encapsulation formed comprises connections corre- 
sponding to the connections 304, 305, 322, and 323. The connections 
306 and 324 are formed in the component itself. In this case, the TX 
and RX branches must be coupled to the circuit board 300. 

It is obvious that the invention is not limited solely to the above- 
presented advantageous embodiments of the invention, but it can be 
modified within the scope of the claims. The arrangement can also be 
applied in other devices for wireless data transmission, utilizing the 
diversity of two dual antennas as well as external and internal 
antennas. 



